Abstract
Results
Of 37,378 ART patients, 3,406 were ! 50 years old. Patients aged ! 50 years initiated ART with more advanced WHO clinical stage and lower CD4 cell count than their younger counterparts. Older patients had a significantly slower immunological response to ART in the first 18 months on ART compared to patients aged 25-39 years (p = 0.04). Overall mortality rates were 2.3 (95% confidence Interval (CI) 2.2-2.4), 2.9 (95% CI 2.7-3.2) and 4.6 (95% CI 4.2-5.1) per 100 person-years in patients aged 25-39 years, 40-49 years and 50 years and older, respectively. Overall LTFU rates were 6.3 (95% CI 6.1-6.5), 4.5 (95% CI 4.2-4.7), and 5.6 (95% CI 5.1-6.1) per 100 person years among increasing age cohorts. The proportion of patients aged ! 50 years and newly enrolling into ART care remained stable at 9% PLOS ONE | https://doi.org/10.1371/journal.pone.0180232 July 7, 2017 1 / 11 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
As scale-up of antiretroviral therapy (ART) continues in sub-Saharan Africa (SSA), increasing numbers of older people will start ART and need long-term ART care. By 2040, the number of HIV-infected people aged 50 years or older will nearly triple in SSA from an estimated 3.1 million in 2011 to 9.1 million. These older people will account for 25% of all infections in the region [1] . Previous research in developed countries suggests that older HIV-infected people receiving ART have different characteristics at diagnosis and clinical outcomes compared to younger HIV-infected people. Older HIV-infected people have more advanced AIDS-related conditions at diagnosis [2, 3] , faster HIV progression to AIDS and higher mortality than their young counterparts [4, 5] . In addition, older HIV-infected individuals mount slower immunological response to ART and have more frequent ART-related toxicities [6, 7] . Despite these findings suggesting the existence of age-related disparities, other studies contradicted these, noting similar findings of all ages [8] [9] [10] .
In sub-Saharan Africa, there is a paucity of research on older populations on ART [11, 12] . Among the few studies that described baseline characteristics, immunological response and mortality among older patients starting ART, small sample sizes [13, 14] and high loss to follow-up (LTFU) [15, 16] limit generalizability of the findings. Furthermore, few studies empirically explored the increase in numbers of older HIV-infected cohorts receiving ART in resource-limited settings [15] [17] . The evidence base, overall, is sparse and inconclusive. We, therefore, (i) estimated the proportions of HIV-infected patients newly enrolling and active on ART by three age groups (25-39, 40-49 and !50 years) over time, (ii) described trends in baseline characteristics and (iii) compared immunological responses, LTFU and mortality across the age groups from a large, ART cohort in Lilongwe, Malawi.
All HIV-infected individuals, aged 25 years and older, who initiated ART between January 2006 and December 2015 were included in the study. Pregnant or breastfeeding women were excluded as criteria for ART initiation differed from the other HIV-infected individuals.
Data collection through the EMRs
During the study period, all individuals diagnosed with HIV were registered for ART care in the EMRs. Patients were initiated on ART based on WHO clinical staging (3 or 4) or CD4 cell count if they had WHO clinical stage 1 or 2 conditions [19] [20] [21] . ART eligibility based on CD4 cell count changed during the study period: CD4 cell counts were performed every 6 months after ART initiation. Some patients had no CD4 counts at specific monitoring milestones due to the unavailability of CD4 count testing services. Deaths were generally updated retrospectively after active tracing of patients who missed their appointments. Patients were classified as LTFU if they did not return to the clinic after 60 days from the day they were expected to run out of ARVs.
Statistical analysis
Patients were categorised into three age groups: 25-39, 40-49 and !50 years. Trends in baseline characteristics, mortality and LTFU were compared by age at ART initiation. Age at the beginning of the calendar year was used in determining proportions of active HIV-infected patients on ART each year. For person-time calculation, the analysis period began when patients initiated on ART at the facility. Patients who transferred in on ART from another facility were considered to come under observation when first registered at the study clinics, and their previous time on ART was accounted for. Observation of 'time at risk' of mortality or LTFU ended either at the time of death, LTFU or the censoring date (31 st December 2015).
Poisson regression models were used to assess crude and adjusted associations between patients' characteristics and mortality. To compare risk factors for death, we stratified the models by two age groups at ART initiation: 25-39 and !50 years. Gender was included in the multivariable models a priori. Significant factors at p <0.05 level in univariable models were included in multivariable models. Analysis was conducted using Stata 12.0.
Ethical approval
The study was approved by the National Health Science Research Committee in Lilongwe, Malawi and the Ethics Advisory Group of the International Union Against Tuberculosis and Lung Disease in Paris, France. The ethics committees waived the need for patient consent because the study used routine program data and did not include any personal identifiers.
because they started lifelong ART for PMTCT and 653 patients had no ARV dispensing visit after registering as transfer-in, leaving 37,378 patients eligible for this analysis. Total follow-up time was 103,559 person-years with a median of 1.83 (Interquartile range (IQR) 0.50-4.49) years. A total of 3,406 patients (9%) initiated ART at age ! 50 years (Table 1) . Overall, the cohort was 52% female, the proportion of females initiating ART decreased with age, with females comprising 41% of those aged ! 50 years. Median age at ART Table 2 ). We noted a similar decline in younger age groups (S1 Table) . The proportion of older male patients initiating ART increased in each successive year during the study period, although this trend was not significant (p = 0.146 for trend).
The proportion of older patients initiating ART care remained stable at 9% while the proportion of active older ART patients increased from 10% in 2006 to 15% in 2015 (Fig 1) .
Immunological response
Given that the Malawi ART program stopped CD4 monitoring in 2013, analysis of CD4 count response was done in ART patients who had ARV visits between Jan, 2006 and Dec, 2012 only. Among those included, CD4 counts were available for 17% (4176 of 23,583), 15% (3012 of 20,039) and 6% (1550 of 19,822) at 6, 12 and 24 months after ART initiation, respectively. Proportion of missing CD4 counts were similar in all age groups. The respective median CD4 cell counts at ART initiation among patients aged 25-39, 40-49 and 50 years and older were 163 cells/μl (IQR 81-244), 153 cells/μl (IQR 74-237) and 154 cells/μl (IQR 80-242), not significant statistically (p = 0.13). However, CD4 cell count response was significantly different over time on ART between older and younger patients (Fig 2) .
Mortality and loss to follow-up
Higher proportion of patients aged 50 years or older (12%) and patients aged 40-49 years (9%) died during follow-up compared to patients aged 25-39 years (9%). Overall mortality rates were 2.3 (95% confidence Interval (CI) 2.2-2.4), 2.9 (95% CI 2.7-3.2) and 4.6 (95% CI 4.2-5.1) per 100 person-years in patients age 25-39 years, 40-49 years and 50 years and older, respectively. At six months on ART, the cumulative probabilities of death were 5%, 6% and 9% while at 24 months, the probabilities of death were 7%, 10% and 14%, among increasing age cohorts, respectively (log-rank test p <0.001).
For mortality comparisons, we compared the factors influencing mortality rates between the youngest and the older age group only. Being male, WHO clinical stage 3 or 4 and BMI <16 were associated with increased risk for death for both the older (!50 years) and younger patients (25-39 years) in univariable analysis (Table 3) . Presence of KS at ART initiation was significantly associated with higher risk of death only in younger patients. In the multivariable analysis, being male, WHO clinical stage 3 or 4, and BMI < 16 were associated with increased risk for death in both older and younger ART patients. Patients aged 25-39 years diagnosed with TB at ART initiation had reduced risk for mortality compared to patients who had no TB at ART initiation while no statistical differences were observed among those aged 50 years and above. KS at ART initiation was associated with higher risk for death in younger patients only.
Overall LTFU rates were 6.3 (95% CI 6.1-6.5), 4.5 (95% CI 4.2-4.7), and 5.6 (95% CI 5.1-6.1) per 100 person years among increasing age cohorts. The cumulative probabilities of LTFU were 7%, 5% and 7% during the first 6 months on ART, and 18%, 13% and 15% at 24 months on ART among increasing age cohorts (log-rank test p <0.001). 
Discussion
This is one of the first empirical studies from Malawi showing an increase in the proportion of patients aged ! 50 years receiving ART and initiating ART with less compromised immune systems over time. Older patients aged ! 50 years had slower immunological response to ART in the first 18 months on ART compared to patients aged 25-39 years. Older patients aged ! 50 years had double the mortality of younger patients aged 25-39 years. LTFU was lower among those aged ! 50 years when compared to younger patients aged 25-39 years. Similar to previously published studies [2, 3] , older HIV-infected patients presented with a higher proportion of advanced WHO clinical stages at ART initiation. For those with baseline CD4 counts available for analysis and with WHO stages 1 or 2, the median CD4 cell count at initiation was lower among patients in the older age group although it was not statistically different. Our findings contradict previous Malawian research suggesting that older patients were not sicker than their younger counterparts [16] . Older people living with HIV may access health services less than younger patients [22, 23] . As a result, they may be enrolled in HIV care Older HIV-infected people in Malawi at a more advanced HIV disease stages than younger people. Additionally, healthcare providers may have a lower index of suspicion of HIV infection in older people [24] ; therefore, they may be less likely offer HIV tests. Although older people generally tended to present with more advanced HIV disease, we observed a decreasing trend in the proportion of those with advanced WHO clinical stages at ART initiation during the study period. While in 2006 and 2007, 85% of these older patients had WHO clinical stage 3 or 4 conditions at ART initiation, this declined to 41% by 2014 and 2015. Older patients also initiated ART with increasingly higher CD4 counts in later years, therefore, with less compromised immune systems. It is possible that some decline in advanced HIV conditions at ART initiation was due to changes in ART guidelines rather than changes in behavior. Initiating ART with higher CD4 count and/ or less immunocompromised can reduce patient's viral load to undetectable levels more swiftly than among patients who initiate treatment late [25] . Healthcare providers should intensify provider-initiated HIV testing and counseling among older people and actively link them to HIV care is warranted.
Patients who were 50 years and older showed a significantly lower immunological response to ART in the first 6 to 18 months compared to patients aged 25-39 years. These findings are in concordance with previously published evidence that older patients mount poorer CD4 cell count response than younger patients [13] [14] . There was no significant difference in immunological responses between patients aged 25-39 and those aged 40-49. Independent of HIV infection, age is associated with a reduced production of naive T cells and diminished T cell functionality [26] . Mortality on ART among the older patients was twice as high as that among younger patients aged 25-39 years. It is important to note that more patients aged ! 50 years started ART with advanced HIV disease. Deaths among these older patients could be related to possible AIDS-related conditions. Similar to another study [13] , patients with advanced HIV conditions and male patients had increased risk for mortality in both older and younger age group. While in younger patients, KS was associated with higher mortality, this was not seen in the older group. The reduced risk of mortality in patients diagnosed with TB at ART initiation might be due missed diagnosis at baseline assessment. Patients may be classified as non TB cases but subsequently developed TB when they receive ART hence increasing the risk of mortality among non TB cases.
In industrialized countries, the use of ART has resulted in markedly improved life expectancy in HIV-infected people and a demographic shift in the age compositions of the HIV epidemic towards older ages [27] . Our study provides early evidence of a similar shift in Malawi's HIV program. The proportion of HIV-infected people aged 50 years and older receiving ART increased with each successive year between 2006 and 2015. This increase is because of HIVinfected people living longer as opposed to the increased numbers of older HIV-infected people starting ART-as the proportion of those initiating ART at 50 years or above remained stable during the study period. While ageing of the patient population living with HIV is an encouraging indication of effectiveness of ART treatment, it requires a shift in the focus of HIV care. To provide quality care for an ageing population, HIV-related care will need to move away from the traditional management of HIV-related opportunistic infections to increasingly address possible long-term ART-related problems (organ toxicities and longstanding activation of inflammatory cascades with vascular effects), drug-drug interactions and age-related non-communicable diseases(NCDs) [28] [29] . A growing prevalence of NCDs complicates HIV care, requiring administration of multiple drugs (e.g. anti-hypertensive and anti-diabetics) in addition to ARVs. The increased pill burden with its effect on adherence as well as potential drug-drug interaction [30, 31] may eventually lead to virological rebound. A holistic approach to HIV care involving integration of NCD and consideration of the impact of long-term ART use may begin to address the complexities of caring for aging patients on ART.
While our results are derived from a large, well-documented ART cohort and likely generalizable, the findings need to be interpreted within the context of several limitations. First, CD4 counts were not available for all patients at specific monitoring milestones due to the unavailability of CD4 count testing services. Second, we were unable to report HIV-related mortality as deaths were from all causes. Moreover, we might have underestimated mortality as some deaths may have been classified as LTFU simply because the true status could not be established through tracing. Lastly, we could not adjust mortality and immunological response for non-AIDS diseases as data was not available. Such diseases may be the consequences of poor response to ART.
In conclusion, older patients had advanced HIV conditions at ART initiation, slower immunological responses, lower rates of LTFU, and double the mortality of younger patients aged 25-39 years. Essential enhancement of HIV detection in this age group is necessary to ensure early ART initiation. Given trends in increasing proportion of older PLHIV, there is a need to focus ART care on ageing assocciated diseases including NCDs and degenerative diseases. 
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